In the title compound, [Fe(C 10 H 8 N 2 ) 3 ](C 9 H 5 N 4 O) 2 Á2H 2 O, the chiral cations lie across twofold rotation axes in the space group C2/c. The anions and the water molecules are linked by two independent O-HÁ Á ÁN hydrogen bonds to form C 2 2 (8) chains, and these chains are linked by the cations via C-HÁ Á ÁN and C-HÁ Á ÁO hydrogen bonds to form two interpenetrating three-dimensional frameworks, each of which contains only one enantiomeric form of the chiral cation.
Introduction
Organic polynitrile ligands have received considerable attention recently in the design of new molecular compounds exhibiting the spin crossover (SCO) phenomenon (Dupouy et al., 2008 (Dupouy et al., , 2009 Benmansour et al., 2010) . Iron(II) complexes containing octahedral FeN 6 coordination are amongst the most studied SCO compounds and in such materials, control over co-operative SCO behaviour is still of major interest in this field. Co-operativity is in fact responsible for steep transitions observed in the solid state and, in some cases, for hysteresis loops (Matouzenko et al., 2004) . Both strong interactions between metal centres and rigid supramolecular structures are required to achieve highly co-operative SCO systems, and both hydrogen bonds andinteractions are among the intermolecular interactions most commonly used for the construction of rigid systems (Halcrow, 2011) , the potential significance of anionÁ Á Á interactions for SCO systems has recently been reported and evaluated (Quesada et al., 2008; Kitchen et al., 2009 ). Thus, the use of new families of polynitrile ligands with a tris-chelate complex cation is a particularly attractive way to better understand the role of noncovalent anionÁ Á Á interactions for the development and synthesis of SCO materials (Ellingsworth et al., 2013; Setifi, Domasevitch et al., 2013) . In a further exploration of low-spin iron(II) complexes offering the potential for this type of anionÁ Á Á interaction, we now report the synthesis and structure of the title compound, [Fe(bipy) 3 ](tcnoet) 2 Á2H 2 O, (I), where bipy represents 2,2 0 -bipyridine and tcnoet À represents the 1,1,3,3-tetracyano-2-ethoxypropenide anion, and we compare the structure of (I) with those of related 1,10phenanthroline complexes (II) and (III) (Setifi, Domasevitch et al., 2013 ) (see Scheme 1). Computer programs: APEX2 (Bruker, 2009) , SAINT (Bruker, 2009) , SHELXS97 (Sheldrick, 2008) , SHELXL97 (Sheldrick, 2008) and PLATON (Spek, 2009 ).
Figure 1
The independent components of compound (I), showing the atom-labelling scheme and the hydrogen bonds within the selected asymmetric unit. The cation has the Á configuration and the atoms with labels marked 'a' are at the symmetry position (Àx + 1, y, Àz + 3 2 ). Displacement ellipsoids are drawn at the 30% probability level. Table 2 Hydrogen-bond geometry (Å , ).
Cg1 represents the centroid of the N11/C12-C16 ring. Symmetry codes: (i) Àx þ 1 2 ; y À 1 2 ; Àz þ 1 2 ; (ii) Àx þ 1; y; Àz þ 1 2 ; (iii) Àx þ 1; y; Àz þ 3 2 ; (iv) Àx þ 1 2 ; y þ 1 2 ; Àz þ 1 2 .
D-HÁ
1.5U eq (O), giving the O-H distances shown in Table 2 . The low-angle reflection 110, which had been attenuated by the beam stop, was omitted from the refinements. No extinction correction was required. Examination of the refined structure using PLATON (Spek, 2009) showed the presence of four symmetry-related cavities per unit cell, each of volume 27 Å 3 and centred close to (0, 1 2 , 1 4 ), (0, 1 2 , 3 4 ), ( 1 2 , 0, 1 4 ) and ( 1 2 , 0, 3 4 ). These cavities are too small to accommodate any solvent species and, consistent with this, application of the SQUEEZE procedure in PLATON (Spek, 2009 ) returned a count of zero additional electrons per unit cell.
Results and discussion
Compound (I) ( Fig. 1 ) consists of [Fe(bipy) 3 ] 2+ cations lying across twofold rotation axes in the space group C2/c, together with 1,1,3,3-tetracyano-2-ethoxypropenide anions and water molecules, both occupying general positions, consistent with the overall stoichiometry [Fe(bipy) 3 ](tcnoet) 2 Á2H 2 O. The presence of three independent molecular components, one of them chiral, provides considerable flexibility in the selection of the asymmetric unit. The reference cation was selected to be one having the Á configuration and lying across the twofold rotation axis along ( 1 2 , y, 3 4 ), and it was then possible to assemble a reasonably compact asymmetric unit in which the three independent components are linked by hydrogen bonds ( Fig. 1 and Table 2 ). The centrosymmetric space group confirms that the compound crystallizes as a racemic mixture.
The three independent Fe-N distances (Table 3) are all closely similar, and they are similar also to the values found in compounds (II) and (III) (Scheme 1), and typical of those for low-spin Fe II in octahedral FeN 6 coordination (Orpen et al., 1989) . The bond distances in the anion (Table 3 ) provide a clear indication of an asymmetric electronic structure. Thus, the C41-C42 bond is longer than C42-C43, the C-CN distances involving atom C41 are shorter than those involving C43 and the C-N distances adjacent to C41 are marginally longer than those adjacent to C43. These observations taken together point to a significant contribution to the overall electronic structure of the anion by the asymmetric forms (A) and (B) (see Scheme 2), in addition to the symmetrical form (C). The shorter C-CN bonds and the longer C-N bonds involving atoms C411 and C412 are associated with the strong and nearly linear O-HÁ Á ÁN hydrogen bonds which have atoms N411 and N412 as the acceptors (Table 3) ; by contrast, the N atoms at the other end of the anion, atoms N431 and N432, are involved only in the weaker C-HÁ Á ÁN hydrogen bonds. As usually observed in anions of this type (Setifi, Domasevitch et al., 2013; , 2014 Setifi, Lehchili et al., 2014) , the two -C(CN) 2 units in the anion of compound (I) are rotated, in conrotatory fashion, out of the plane of the central propenide fragment. The dihedral angles between the central C 3 unit and the -C(CN) 2 units based on atoms C41 and C43 are 13.9 (4) and 26.1 (3) , respectively.
The independent components of compound (I) are linked by a combination of O-HÁ Á ÁN, C-HÁ Á ÁO and C-HÁ Á ÁN hydrogen bonds (Table 2) to form two interpenetrating threedimensional frameworks, whose formation is readily analysed in terms of simple substructural motifs (Ferguson et al., 1998a,b; Gregson et al., 2000) ; the anions and the water molecules together form chains, and these chains are linked by the Part of the crystal structure of compound (I), showing the formation of a C 2 2 (8) hydrogen-bonded chain along [010] built from anions and water molecules. For the sake of clarity, the cations and H atoms not involved in the motif shown have been omitted. Atoms marked with an asterisk (*), a hash (#), a dollar sign ($) or an ampersand (&) are at the symmetry positions (Àx + 1 2 , y + 1 2 , Àz + 1 2 ), (Àx + 1 2 , y À 1 2 , Àz + 1 2 ), (x, y + 1, z) and (x, y À 1, z), respectively. cations. The reference water molecule is linked, via O-HÁ Á ÁN hydrogen bonds, to the two anions at (x, y, z) and (Àx + 1 2 , y + 1 2 , Àz + 1 2 ), so generating a C 2 2 (8) (Bernstein et al., 1995) chain running parallel to the [010] direction and built from species related by the 2 1 screw axis along ( 1 4 , y, 1 4 ) (Fig. 2) . Four chains of this type pass through each unit cell built, respectively, from anions and water molecules related by the screw axes along ( 1 4 , y, 1 4 ), ( 1 4 , y, 3 4 ), ( 3 4 , y, 1 4 ) and ( 3 4 , y, 3 4 ). Fragments of a similar C 2 2 (8) chain are present in the structure of the related hemihydrate (II) ) (see Scheme 1). The chains in compound (II) involve only one of the two independent anions in this compound and they are not continuous, but are punctuated at random as only half of the water sites are occupied.
Each cation links four symmetry-related [010] chains by means of C-HÁ Á ÁO hydrogen bonds. Thus the reference cation lying across the rotation axis along ( 1 2 , y, 3 4 ) is directly linked to the [010] chains associated with the screw axes along ( 1 4 , y, 1 4 ) and ( 3 4 , y, 5 4 ) by means of the C-HÁ Á ÁN hydrogen bond involving atom C15 as the donor, and to the chains associated with the screw axes along ( 3 4 , y, 1 4 ) and ( 1 4 , y, 5 4 ) by means of the C-HÁ Á ÁN hydrogen bond involving atom C23 as the donor, so linking these chains into a continuous three-dimensional framework. Within this framework, all of the cations have the Á configuration, and the structure also contains a second framework, related to the first by inversion, in which all of the cations have the Ã configuration. The two frameworks are thus continuously interpenetrating in three dimensions, but there are no direction-specific interactions between the two inversion-related frameworks. In particular, the only C-HÁ Á Á interaction (Table 3) lies within a cation.
The structure of compound (I) contains nostacking interactions. In this respect, (I) may be contrasted with the structure of monohydrate (III) (Setifi, Domasevitch et al., 2013 ) (see Scheme 1), where the anion contains a 2-hydroxyethoxy substituent rather than the simple ethoxy substituent found in compounds (I) and (II) [although (III) was inadvertently named in the original report as a 2-hydroxyethyl derivative]. In the structure of compound (III), multiplestacking interactions links the cations into chains, along which cations of Á and Ã configurations alternate; however, significantstacking interactions are absent from the structure of compound (II). Also present in the structure of compound (III) are two rather short anionÁ Á Á contacts within the selected asymmetric unit, and involving a single N atom and the pyridine rings of two different ligands, with NÁ Á Á(centroid) distances of 3.21 (3) and 3.418 (2) Å . By contrast, the shortest comparable NÁ Á Á(centroid) distance observed in compound (I) is much longer, at 3.835 (3) Å , between atom N432 in the reference anion and the centroid of the N11/C12-C16 ring (Fig. 3) at (x, Ày + 2, z À 1 2 ).
Figure 3
A stereoview of part of the crystal structure of compound (I), showing how cations of Á configuration are linked to the water-anion chains along ( 1 4 , y, 1 4 ), ( 3 4 , y, 1 4 ), ( 1 4 , y, 5 4 ) and ( 3 4 , y, 5 4 ). For the sake of clarity, H atoms not involved in the motifs shown have been omitted. Table 3 Selected geometric parameters (Å , ). (1,1,3,3- Data collection: APEX2 (Bruker, 2009 ); cell refinement: APEX2 and SAINT (Bruker, 2009 ); data reduction: SAINT (Bruker, 2009 ); program(s) used to solve structure: SHELXS97 (Sheldrick, 2008) ; program(s) used to refine structure:
Tris(2,2′-bipyridine)iron(II) bis
SHELXL97 (Sheldrick, 2008) ; molecular graphics: PLATON (Spek, 2009) ; software used to prepare material for publication: SHELXL97 (Sheldrick, 2008) and PLATON (Spek, 2009) . (1,1,3,3-tetracyano-2- Symmetry codes: (i) −x+1, y, −z+3/2; (ii) −x+1/2, y−1/2, −z+1/2; (iii) −x+1, y, −z+1/2; (iv) −x+1/2, y+1/2, −z+1/2.

